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Target Experiments to the EIC
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Outline of the Talk

Motivation
«  Theoretical underpinnings of nuclear effects at high energy

 Importance and experimental opportunities

Initial-state interactions and cold nuclear matter energy loss

. A formalism to address many-body scattering in nuclear matter
. Radiative energy loss in large nuclei: important regimes
. Applications to DY, shortest radiation length in nature

Final-state interactions and medium induced photons

* Induced photons, coherence effects, differences from gluons
. Numerical results, smallness of the gluon bremsstrahlung
«  Other final-state effects. Jets in SDIS?

Conclusions



I. The Origin of Nuclear Effects
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Dynamical Generation of
Nuclear Effects

Type Effect
IS broadening Cronin DY
Coherent FS Shadowing
IS E-loss Forward x: suppression
FS E-loss Quenching of jets,
inclusive spectra
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II. Parton Energy Loss
(Early Work)

G. Bertsch et al, PRD (1982)
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An operator approach to
multiple scattering in QCD

o {NQ S OW L M. Gyulassy et al.,
dk*d’ kl NPB (2001)
= A" (D'D+VT+V )4,
=A""R A, Number of scatterings Momentum transfers

dN >

+ g _ N
g di*d’k, =2 k*d k Z

= {HIZ& i ?j) f dzq[l Fo o )ﬂ
X[ Q.. )ZB(mH n)(m...n )GOS(Z/CZ (k...n )AZ }COS(Z k=1 (k )AZ )):|

a I

Color current propagators Coherence phases
(LPM effect)




Leading Particle Quenching

e Nuclear modification factor
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A Note on PQCD
Energy Loss Regimes in CNM
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DY and the Determination of the
Shortest Radiation Length in Nature
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CNM Quenching, Absorption, e.c.t.

= Design parameters of EIC - center of mass energies:
20 GeV - 100 GeV

= Reasonable reach for jets (high enough E;)
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Jet Cross Section and Jet Shapes

IV, S. Wicks, B.-W. Zhang, JHEP
(2008)

wvac. (l’, R), lpmed. (I’, R)

10 T T T T T T T I
- = \acuum Jet axis Jet radius
[ —— Medium Au+Au R(2) )
8} == Medium Cu+Cu R(l)
LI\ | -
| <
TI\ O g |
1 2
A1\ R=04 =7
- | \ Quark jet, E;=30 GeV 7
2H \ 7
y by
04 1 sl - e I S R—
0 0.2 0.4 0.6 0.8 1
r/’R
Uine(r; R) = 2.i(Br)iOr — (Fjet):)
AT Zz (ET)@@(R - (Rjet)i) ,
b R) = dWing (r; R)

dr



Jets in A+A at RHIC
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III. Motivation to Study Photon Emission

Rate Induced photons

B. Zakharov, JETP Lett. (2004)

Hadron Gas Thermal T;

QGP Thermal T, R. Fries et al., PRL (2003)
“Pre-Equilibrium”?

Jet Re-interaction (Tx\s) S. Turbide et al., PRC (2005)




Photon vs Gluon Emission
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| Derivation of Photon Emission

€
_ E Vig;) E V(g;)
€

Vi (q) = n* 2m(g el

pf
47ra %
Ve(q) = T(t), v(q) = ————
9:V"(a) = (0 <) S ,.
% V(g;). vV(g;) -~ V(g;). V(g})

Muaalh, (1) = (2 C2) gsit iy MILu(h) ~ 0

-pr  k-p;

0




| Photon Emission: Analytic Results
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Photon Emission: Incoherent Limit
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Photon Emission: Numerical Results
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do'/dyd’p, [mb.GeV’]

(Im)Probablity for Medium-Induced
Photon Observation
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Possibly Interesting Features But ...

dI rad
(dw)dr

Intensity @=1GeV
scale i

LPM
rad
AE suppressed

©=10 GeV IV, PLB (2005)
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N.B. The calculation is
for coherent FS gluon
emission. Expect similar
pattern for y




Summary




From the Dead Sea Scrolls

ALL credit for this witty slide goes to
my collaborator Ben-Wei Zhang

Thank you!



